Numerous research results support the finding that a product's visual appearance is important. In particular, end products or services that have a direct productuser interaction have to be developed in accordance with the taste of the user and the market. The user-centered product should be designed and created according to both the technical requirements and the customer needs, but it should also differentiate itself from the competition. The shape of a product, whether we observe it in 2D or 3D, should communicate various intangible meanings. Our aim was to investigate whether the meaning of bipolar adjectives varies when observing samples of 2D and 3D shapes. The study was conducted using 2D shape contour samples and interactive 3D extruded models that could be rotated in virtual space. In order to determine the relationship between the shape and the user's perception of it, Kansei engineering methodology was used. We collected data with Semantic differential survey using five level Likert scale. The results revealed minor deviations in the users' perceptions of the 2D and 3D sample shapes.
INTRODUCTION
Many studies on customer products have shown that a user's perception of a product's design influences the decision of the product purchase. Unfortunately, a user's reaction to a novel product is often very difficult to predict. The more novel a product is, the higher the level of its incongruity, and the more difficult it is for user to understand and appreciate a product's value [1] . This is particularly so when the user has to recognise a product's usefulness based only on a visual impression, without having any previous experience of it. Product design is a combination of functional, symbolic and aesthetic dimensions that defines how an individual will react to the product [2, 3] . Basically, all design disciplines combine knowledge of aesthetics with the knowledge of different embodying technologies [4] . Designers are therefore using diverse approaches to generate a product's intangible meanings. According to Nagamachi [5] sophisticated consumers desire products which match their own feelings of design, function and price. In order to achieve the desired design of a product we first need to be familiar with the influencing visual elements (line, shape, pattern, texture, colour, tone, form, space) of the observed object to better understand how the user's perception can be manipulated. Visual perception is usually described with the theories of formal aesthetic rules that define the basic principles, such as ratio, harmony, a desire for consistency and other principles in order to create pleasant visual stimuli [6] . Skillful creators use and manipulate aesthetic rules when designing a product in order to induce pleasant impressions with the users. In an early stage of the product development process when designers draw 2D sketches to present their initial ideas, they are simultaneously developing a product-design "language". Product design language or design vocabulary is a specific style that guides the design of a complement of products or architectural settings [7] . It is risky to make decisions about product appearance based on initial design sketches and drafts because all the following design phases will be affected by it. To mitigate these risks researchers use innovative approaches to draw user's attention to the product's design [8] [9] [10] [11] [12] . However, customer's psychological feeling evoked by a product appearance is complex to measure. To approach this issue several consumer's satisfaction evaluation methods have been developed such as Quality Function Deployment (QFD), Conjoint Analysis and Voice of Customer, but they do not consider the association of customers' needs with product design characteristics [13] . A recognized tool for exploring user's psychological feeling (impression) towards the product design (i.e. parameters) is Kansei engineering [5] . Kansei represents an individual's subjective impression from certain artifact, environment or situation that includes the senses of sight, hearing, feeling, smell, taste and the sense of balance, as well as recognition [14] . As kansei is a person's subjective and unstructured feeling towards something and therefore cannot be measured directly, we use indirect measurement methods that consider alternative forms of expression [15] . Since kansei covers a diversity of expressions that range from psychological to psychophysiological, many different tools and techniques have been developed to measure them [13] .
There are two streams in the research of shape perception. One investigates how consumers make preference judgments while taking into account both the product's form and its function [16] . The other one specializes in the user's perception with respect to a simplified product's visual elements such as abstract shapes or shape contours [17] . The principle of reducing a product's visual elements, or the so-called abstraction, is often applied in the preparation of shape samples. In most cases the methodology of Kansei engineering uses pictures of final products for measuring user's feedbacks [11] .To gain more comprehensive understanding of how the user perceives objects based on the type of representation, we have explored interaction with 2D and 3D shapes.
In engineering design shapes and contours are used in the early development phases to visualize ideas, concepts, etc. 3D models are used in the later phases (embodiment and detail design) when the product structure is already established. 2D drawing on paper is considered to be quicker and much easier than 3D modeling [18] . In this case, shape contours provide a source of information about the 3D structure of an object i.e preliminary product layout [19] . In engineering design 3D CAD models are based on 2D sketches.
The interest of our study is user's perception of main visual characteristics of 2D and 3D shape samples, which are usually designed in the early design phase. In our study user is the person who directly interacts with the presented shape. The findings of the study could help designers and engineers understand how they should present product ideas to future users (potential customers).
BACKGROUND
Abstraction is a broad term or concept used in many research areas. The essence of creating abstraction is to reduce the complexity of the problem [20] . The process of abstraction means the generalization of the existing concept, while at the same time preserving the relevant information or purpose. It is used to assist creative processes and problem solving because it prevents the fixation on conventional and obvious ideas, but it also focuses on the core of the task and new solutions [21] . In the development of a product, abstraction in the early design stage is used to achieve inventiveness and innovation [22] . Reduction of details in the context of product aesthetics or so called "product geometrization" was presented by Lewalski [23] . According to Bouchard et al. [9] simplified shape contours or silhouettes among other visual materials (texture, colors, patterns, layouts) are a source of inspiration for product designers. They have formalized design process in order to create kansei information system and defined the relations that designers use to establish the various levels of abstraction of information in a design process. They refer to this definition as kansei ontology, where these levels of information go from very abstract values, such as purity, to concrete attributes, such as the colour type, for example: white. A definition of low-level information is that it encompasses the characteristics of shape, colour and texture, while middle-level information includes concepts and artefact names, and high-level information is translated by semantic descriptors, sociological values and affective and emotional dimensions [9] . If we refer to Gestalt psychology, the main aspect is that the mind understands external stimuli as a whole and not as the sum of the individual parts [24, 25] . The geometrization of visual samples is important for simplifying its perception. Even for purely organic forms, we can detect a geometrical arrangement if we do not focus on the details. There are additional advantages of using geometric shapes, e.g. in the manufacturing process for industrial products, geometric shapes are preferred because they simplify the production process.
Formalisation of 2D and 3D Shapes (Shape Grammar)
In order to formalise shape and its features we have to understand how to define what shape is and how it is observed in similar studies. The basic elements of a shape are the points, lines and plots [26] . The line is the base from which all other design symbols originate and can represent geometric shapes such as square, circle, triangle, ellipse etc. Forms from solid bodies are one of the fundamental elements of the third dimension [27] . Usually, the design must follow predefined rules and laws [27] . On the basis of Gestalt principles and the theory of form as a whole, in 1971 a Shape grammar was developed [26] . Shape grammar serves to study two or three dimensional shapes which are defined by 2D and 3D language [27, 28, 12, 29] Studies of Shape grammar are more oriented towards investigating a formal inventory of compositions, i.e., the relationships between shapes in the case where the user's preferences regarding shapes are not included. Currently, in most cases the evaluations of products attractiveness involve the pictures of finished products instead of the real objects, concept representations or interfaces [30] . This limits the possibilities to influence the design during the conception process. To summarize, the existing studies mostly focused on investigating user's shape preferences with respect to 2D sample shapes, where parameters such as the curvature, the contour curve, the silhouette, the colour and texture of the shape, or the wavelet transformation and Fourier transformation were typically observed [31] .There is a lack of research that compares the influences of shape representation, such as 2D and 3D representation, on user's perception of an object. Tavanti and Lind [32] have investigated the effects which 2D and 3D displays have on user's spatial memory. Their research revealed positive effects of the three-dimensional representations of information on the users. Despite such efforts, a more thorough research on the effects of 3D representational models is still needed. Presumably, the main reason for the scarcity of data about 3D shape perception could be that it is complicated to cover and to define a shape's characteristics in 3D space.
Shape Semantics
When designing a user-oriented product the geometrical shape becomes one of the most important factors, together with other visual factors such as colour, material and texture [33] . Besides its functionality, visual appearance of a product is influenced by socio-cultural, socio-economic, historical and technological factors. According to the Gestalt theorists, preferences regarding the shape of a product should be affected by a person's already innate sense of proportion or ratio [34] . Certain lines, ratios, shapes and colours are inherently attractive [35] . A complex product design, without the coherence of visual elements, usually induces complex cognitive processing [36] . The majority of people prefer the shapes that moderately stimulate their attention, for example, Wundt curves. Moderate irregularities and uncertainties in product shapes are closer to humans [25] . Preferences about shapes depend on the memories and experiences that an individual has with a particular subject [37] . Researchers use different criteria for determining human preferences for the shape of a product [38-41, 23, 10, 42-48] . Most frequently researchers use three categories to describe a cognitive response to product appearance: aesthetic impression, semantic interpretation and symbolic association [38, 39] . Numerous studies involving various cases of everyday products indicate that people generally prefer rounded to linear lines, surfaces and shapes [17, 49, 44] . Sharp edges metaphorically threaten because such objects are often dangerous [50, 51] . It has also been confirmed that angular objects cause greater stimulation of the amygdala than the curved objects [17, 52] . Shape characteristics are also dependent on fashion trends.
Blijlevens et al. [46] noted that in the 1980s products with straight lines were considered to be modern, while at present, organic forms are perceived as more modern [46] . Many studies have shown deviations of human perception toward diverse shapes and their meanings. Consumers associate their feelings toward product design by using words or adjectives like elegant, sportive etc. In Kansei engineering a semantic differential technique is used for investigating perceived meaning of the observed object [11] . In order to clarify relationship between an adjective (semantic) and form element scientists have also developed different shape categorizations and named product form types. Users are more likely to understand the product if they can categorize it or put it within an existing group. In their measurement of emotional responses Chang and Wu [53] found that fourteen different properties are categorized within five types of product forms, which they named as aesthetic, biological, cultural, novel and conceptual forms. According to their research results, aesthetic and biological forms of products have a greater potential, as they attract the attention of a younger group of customers and evoke pleasure. Leder and Carbon [44] studied the characteristics of the interior of a car with three design variables represented by complexity, curvature and innovation. Hsiao and Chen [49] conducted semantic differential study on 88 chairs in which they measured trendiness, complexity and emotion by using sets of bipolar adjectives (traditional-modern, simple-complex and rational-emotional) and evaluated novelty and aesthetic preference with additional set of bipolar adjectives (typical-unique and beautiful-ugly).
The relationship between the product criteria and the customer's satisfaction is linear, e.g., if the customer perceives the product as being of high quality, then the customer's satisfaction is higher, and vice versa [54] In the previous studies people's impression of the gender of shapes was measured using the semantic association of adjectives "feminine/masculine". They found that the gender of a 3D geometrical shape is influenced by the variations of its base, axis and sweep [33] . In many studies, researchers have investigated user's perception toward shapes but focused on semantic meanings and not so much on the shape sample representations. In this paper, we present a new approach to investigate differences in perception of 2D and 3D shapes. Since previous studies are focused on semantic meanings related to product's 2D visualizations (pictures, contours), in our research we tend to investigate two types of shape sample representations (2D and 3D) in relation to five product characteristics described in chapter 4.1.
RESEARCH AIM
Our aim was to discover whether there is any difference in the associations and the meanings users attach to shapes when observing them in 2D and 3D space. Based on the literature preview we assume that 3D shapes will be more descriptive and will have more representational power than 2D shapes [32] . In addition, shapes with curved corners are according to study of Bar and Neta [17] more preferred in comparison to shapes with angular corners. Our interest was to discover if the change of shape representation from 2D to 3D space will result in different perception of their meaning. In order to explore our research aim we have posed two research questions: Q1: Do 3D shapes have higher scores attached to adjectives in comparison to 2D shape contours? Q2: Do 3D shapes with curved corners differentiate by attached meaning in comparison to the same samples presented in 2D space?
METHOD
Based on Kansei engineering methodology we selected the product samples and defined the affective dimensions (the product's intangible characteristics). Ten samples of shapes contours were used in this survey and represented in black and white colour in order to avoid the influence of colour on the participant's perception (Fig. 3) . The shape contour characteristics (2D) were taken from pellet-burner designs (3D). We collected pictures of pellet burners from different promotional magazines, literature and from the design team. Then the product's pictures and later the shape contours were converted from 2D into a 3D extruded model. The sample shapes were simplified using the principles of geometrization based on Lewalski's theory of elements reduction [23] . After the procedure of geometrization, the elements concerning the shape were classified into two categories: straight and curved cornered shapes. We then prepared questionnaires based on Semantic differential technique and 5-level Likert scale (described under point 4.1). In the questionnaires shape samples were randomly arranged. In order to find the differences or similarities among the 2D and 3D shape samples we compared the mean values using Independent t-test statistics.
Metrics of Affective Dimensions
Shape semantics will be represented by a defined product characteristics. We defined four product characteristics that were observed during the experiment (Fig. 1 ). This research resulted from an industrial case related to redesign of pellet burners, therefore the outline was on functionality attributes. Each of the product characteristics contained bipolar adjectives that serve to measure the effective meaning of a single shape. The adjectives were collected from different sources and literature. We have adopted aesthetics preference (adj. beautiful-ugly) and complexity preference (adj. simplecomplex) from Hsiao and Chen [49] . We have renamed complexity preference (simple-complex) to functional attribute. Future attribute (futuristic-unfuturistic) has replaced a novelty preference proposed by Blijlevens et al. [46] . We have added a social attribute (femininemasculine) and functional attribute with additional bipolar adjectives (reliable-unreliable, uncomfortable-comfortable and simple-complex). All the selected adjectives were general, used in everyday life and understandable to all the participants. Afterwards, they were arranged with respect to the product-dimension categories (Fig. 1) .
The subject used a 5-point Likert scale to rate the shape's aesthetic attribute (1 = very ugly, 5 = very beautiful), the shape's functional attribute (1 = very uncomfortable, 5 = very comfortable), the shape's social attribute (1 = very feminine, 2 = very masculine), the shape's functional attributes (1 = very unreliable, 5 = very reliable), (1 = very complex, 5 = very simple) and the shape's futuristic attributes (very unfuturistic -very futuristic). We will use mean values as an indicator of the intensity of feedbacks. 
Samples
The aim of the geometrization is to transform a real product or sketch into an abstraction (Fig. 3) . To obtain an initial idea of how the users perceive separate product elements it is necessary to have a variety of different shapes [55] . We have selected 8 pellet-burners examples from promotional magazines and literature available on internet. Additionally, we have added 2 pellet burners designs which were created by the design team in our laboratory (shape f and shape j). Four samples had straight and six samples had rounded corners. We decided not to interfere with the shapes acquired from the sources, so that the case would resemble to what can be found in the real environment. Criteria for selection of pellet-burners was a diversification among the samples. We have asked two experts from the product domain to help us with the selection of samples.
Figure 2 Examples of pellet burners that formed the basis for 2D shape contours
Shape contours were extracted from a side view of pellet-burners samples (Figs. 2, 3) . Based on the shape contour, we have prepared 2D sketches for CAD models. For a clearer data interpretation we divided these samples into two categories based on the angularity of their shapes (Fig. 4) . The criteria for the separation were straight or curved corners. In this experiment we intentionally did not associate the shape with any shape symbolism. 3D shape samples were extruded based on the 2D sketches using CAD software Solidworks 2014 version (Fig. 5) . 
Participants
The experiment involved engineering students. A total of 45 male students aged 20-30 were invited to take part in the interactive survey. They were involved in the same study programme. Their educational background was in mechanical engineering and the participants were familiar with the use of CAD software.
Procedure
The questionnaire was divided into three parts. The first part dealt with demographic questions related to gender, age, place of residence and education. The second part of the questionnaire examined the emotional response of the students to 2D shapes using the semantic differential technique according to Osgood [56] . A 5-level Likert scale was used to rate the samples of 2D shapes associated to bipolar adjectives. In the third part every student had to give feedback to an interactive presentation of a 3D shape (3D pdf) on a stationary computer (Fig. 5 ). The survey was conducted in computer-based classrooms during the day. The participants received paper questionnaires and clear instructions. Participants had to fill in the demographic questions in the first page. Next, on the paper below each picture of a 2D shape contour was a semantic differential scale where the participant had to rate his feeling about bipolar adjective with connection to the 2D shape at 5-level scale. Then, they had a semantic differential questionnaire with the same bipolar adjectives in Excel 2014 with an active link to interactive 3D model in pdf. In order to avoid boredom effect among participants of the study we have changed the order of bipolar adjectives. For the statistical analysis we transposed the values and changed the order of the bipolar pairs together with the values, e.g. (1) beautiful -(5) ugly to (1) ugly -(5) beautiful.
The size of LCD display was 21.5" across the diagonal. The students were allowed to move, rotate and zoom in or zoom out the 3D model and observe the model from different angles. 
RESULTS
First, we performed the descriptive and then inferential statistical analysis. With the Independent t-test, we compared means of scores of two independent group samples and investigated the difference in the participants responses. The independent t-test is done with the assumption that the variances of the two groups being measured are equal.
A statistical analysis was performed using SPSS version 22, while the statistical significance was set at p < 0.05.
First we have explored if 3D shapes evoke higher scores attached to adjectives in comparison to 2D shape contours. Comparing 2D and 3D shape samples we have received the result that demonstrates no statistically significant difference in scores given to 2D shapes (M = 3.05, SD .5120) and to 3D shapes (M = 3.06, SD = .0786) with t(118) = −.072, p = .942.
Second, when comparing curved cornered samples, 2D and 3D shapes we again learned that there is no statistically significant difference with t(70) = .061, p = .952. 2D (M = 3,16; SD = .518), 3D (M = 3,15; SD = .609).
Generally, for both research questions no statistically significant differences among 2D and 3D shapes were found. We have decided to observe separate comparisons using Independent-t test for each 2D and 3D shape sample in relation to bipolar adjective. We have discovered a few statistically significant differences among them. In the following synthesis only the results with statistically significant differences will be described. The results are sorted in terms of shape samples.
Rounded 2D and 3D shapes:
Shape D: Statistically significant differences were found when observing the adjective beautiful-ugly, where the 2D shape (M = 3,29; SD = 1.100) and the 3D shape (M = 3,84; SD = 0.852) were perceived as beautiful with t(88) = −2.679, p = .009 (Fig. 7) .
Shape H:
Evoked almost neutral feedback but with consideration of standard error it was scored as ugly in the 2D presentation (M = 2.93; SD = .863) while the 3D shape (M = 3.40; SD = .939) was perceived as beautiful with the statistical significance t(88)= −2.454, p = .016.
For shape H and the bipolar adjectives comfortableuncomfortable the participants responses were almost neutral for 2D shape (M = 3.09; SD = .874) but again with consideration of standard error they were scored as comfortable the same as 3D shape (M = 3.51; SD = 1.079) with t(88)= −2.039, p = .044. It was assumed to be feminine in both 2D (M = 2.60; SD = 1.304) and 3D (M = 2.11; SD = .935) presentations with t(88) = 2.044, p = .044 (Fig. 8) .
In both the 2D (M = 2.36; SD = 1.300) and 3D (M = 2.91; SD = 1.145) presentations shape F was perceived as unreliable with t(88) = −2.152, p = .034. Shape I: It was perceived as comfortable both in 2D (M = 3.89; SD = 1.153) and 3D (M = 3.36; SD = 1.264) presentations, with t(88) = 2.091, p = .039.
Shape J:
It was considered complex in both 2D (M = 2.84; SD = 1.205) and 3D (M = 2.16; SD = .852) with t(88) = 3.131, p = .002. Again, equal variances were not assumed ( Fig.  7) .
At the bipolar adjective comfortable-uncomfortable scores for 3D sample (M = 3.09; SD = 1.145) were almost neutral but considered as comfortable as well as at the 2D sample (M = 3.80; SD = 1.198) with t(88) = 2.878, p = .005 ( Fig. 9 ). 
Angular shapes 2D and 3D:
Shape G: It was considered simple both for 2D (M = 3,16; SD = 1.043) and 3D (M = 3,71; SD = 1.141) with t(88) = −2.411, p = 0.018.
Shape E:
It was perceived to be ugly in both the 2D shape (M = 2,91; SD = .973) and 3D shape samples (M = 2,40; SD = .889), t(88) = 2.601, p = .011. Equal variances were not assumed because Levene's test for equality of variances was statistically significant.
It was perceived as masculine in both 2D (M = 3.38; SD = 1.072) and 3D (M = 3.91; SD = .848), with t(88) = −2.617, p = .010. Equal variances were not assumed.
DISCUSSION
Our interest was to explore whether the participants will attach different meanings while observing 2D and 3D shape samples with curved corners. We also investigated whether a group of participants would give higher scores attached to adjectives to 3D shapes in comparison to 2D shapes. Survey included 4 main product characteristic (6 bipolar adjectives) and 10 shape samples among which 4 samples had straight corners and 6 had curved corners.
According to our research question Q1 we have found that there is no statistically significant difference in scores attached to adjectives when comparing 2D and 3D shape samples. Therefore, 3D shapes did not evoke as much higher scores in comparison to 2D shapes as we expected.
When we tested our research question Q2 we have found that curved cornered 2D shapes and 3D shapes do not evoke different associations among our participants since there was no statistically significant difference between perceived bipolar adjectives (product characteristics) in relation to shape samples.
After testing the hypotheses we have observed separate 2D and 3D shape samples in relation to bipolar adjectives. The most common difference found was a range in the intensity of emotional responses (difference between lowest and highest mean value at the same adjective). In most cases 3D shapes have slightly higher means in comparison to 2D shapes but not to all the observed adjectives. It is interesting that in the comparison between the 2D and 3D shapes, the 3D shapes (H, F) are having higher scores at adjective "beautiful".
In summary, the main deviations in the meanings attached to shapes were found among the rounded shapes (F, H, D, J, I). Shape H was percieved as ugly in 2D but as beautiful in 3D presentation. From a group of rounded shapes no statistically significant differences were found for shape B, comparing it in 2D and 3D space. Statistically significant differences among angular shapes were found for shape G and shape E. Again, rounded shapes were associated with more positive adjectives in comparison to angular shapes and rounded 3D shapes have had a slightly higher mean values in comparisons to 2D shapes.
The results have shown that for four shapes (A, G, C, B) there were no statistically significant differences. It is interesting that for bipolar adjective "unfuturisticfuturistic" also no statistically significant deviations in meaning comprehension among participants were found. Participants have had the same opinion on shapes that are futuristic. Most deviations in scores were found at shape F. Other researchers that have investigated people's impression about the gender of shapes in terms of semantic association "feminine/masculine" found that the gender of a 3D geometric shape is influenced by the variations of its base, axis and sweep [33] . They found that the gender of a 3D shape is highly dependent on the curved contours of its base. We have found that except for the shape B, rounded shapes were percieved as feminine. Certainly, specific shape elements such as shape corners have an impact on the meaning attached to the shape.
As mentioned previously, the results of our study demonstrate that between the 2D and 3D shape samples less differences were found than we expected. Accoring to our results participants' perception of 3D shapes only slightly differed from 2D shapes. Thus we cannot conclude that 3D shapes have had greater representional power, as it was the case in the reasearch conducted by Tavanti and Lind [32] . Participants were united in the meanings attached to straight cornered shapes (A, G, C) while curved cornered shapes caused minor deviations. According to Bar & Neta [17] curved designs are more preferred than straight designs and curvature elicits positive feedbacks. This could be the explanation that most of the participants focused more on the estimation of rounded shapes. Since designers use both 2D sketches and 3D models to present their ideas, perhaps they could simplify the represenation by using side views of the model in order to recieve quick feedback from the users. Our results support the findings from Koenderink and Van Doorn [19] that shape contours could provide a source of information about the 3D structure of an object.
CONCLUSION
It is possible that the differences in the users' perception would be greater if a chamfer or fillet feature was added to the 3D samples. The limitation of our research was that the group of participants were only males. Perhaps having a more gender balanced sample of participants would also influence the final result. It is important to understand the semantic meaning and the possible limitations of these findings. We have intentionally isolated observed shape samples from the context of use and any practical function in order to receive clearer insight into differences based on abstract level of 2D and 3D shapes. Findings of our study imply that user's perception would not change whether the design of basic product shape is presented as 2D sketch or 3D model. Our intention was to investigate product visual characteristics based on abstract and simplified shape samples. Results of this study can serve to designers who are developing product design language using simplified sketches. In future studies it would be interesting to consider the context of the product's use so that the participants would have the possibility to relate the shape with something familiar. In addition, for future studies we suggest the use of interactive representations of the shape samples in a virtual space.
